per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCI) 



(51) International Patent Classification 4 : 

A61K 39/395, 39/44, 45/02 
A61K 47/00, 37/02, 49/00 



Al 



(11) International Publication Number: WO 89/ 06544 

(43) International Publication Date : 27 July 1989 (27.07.89) 



(21) International Application Number: PCT/US89/00123 

(22) International Filing Date: 12 January 1989 (1201.89) 

(31) Priority Application Number: 144,541 

(32) Priority Date: 15 January 1988 (15.01.88) 

(33) Priority Country: US 

(71) Applicant: CENTOCOR, INC. [US/US]; 244 Great Val- 

ley Parkway, Malvern, PA 19355 (US). 

(72) Inventors: KLUG, Thomas, L. ; 208 Brecknock Terrace 

East, West Chester, PA 19380 (US). BAINE, Yaela ; 
216 Edgehill Road, Merion, PA 19066 (US). MILL- 
ER, Richard, W. ; 211 Lexington Drive, Phoenixville, 
PA 19460 (US). LeDONNE, Norman ; 1415 Price 
Lane, Downingtown, PA 19335 (US). 



(74) Agents: DeCONTC, Giulio, A^ Jr. et aL; Hamilton, 
Brook, Smith & Reynolds, Two Militia Drive, Lex- 
ington, MA 02173 (US). 

(81) Designated States: AT (European patent), BE (Euro- 
pean patent), CH (European patent), DE (European 
patent), FR (European patent), GB (European pa- 
tent), IT (European patent), JP, LU (European pa- 
tent), NL (European patent), SE (European patent). 



Published 

With international search report 



(54) Title: HETEROLIGATING ANTIBODIES AND THERAPEUTIC USES THEREOF 
(57) Abstract 

This invention discloses a method of utilizing and augmenting a patient's own endogenously-produced bioactive 
compounds through the judicious use of specially designed multifunctional antibodies. In particular, the invention de- 
scribes the use of heteroligating antibodies produced by polydomas in which one antigen binding site is reactive with a tar- 
get and the other she is capable of initiating, or promoting the use of, at least one endogenous bioactive compound direct- 
ed against the target In another embodiment of this invention, heteroligating antibodies are described that bind a bioac- 
tive compound such as lymphokine or a metabolite and a target ligand such as a cancer celL Specifically, heteroantibodies 
are describ ed binding mterferon-gamma and tumor cells. Other antibodies bind both tissue plasminogen activator and 
platelets. * — ? 
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HETKROLIGATING ANTIBODIES 
AND THERAPEUTIC USES THEREOF 

Background 

The past decade has seen tremendous advances in 
05 the use of bioactive agents such as enzymes, 

hormones, or lymphokines (i.e. interf eron-alpha , 
interferon-gamma, interleukin-2) for treatment of 
human disease. For reviews see Oldham. R. K. 
Inteferon 6: 127-143, (1985); Oldham, R. K. , Cancer 
10 Treat Rep . 68 , 221-232, (1984). See also Guarino, 
A. M. Methods in Cancer Res. 20:91-170, 1979 (sum- 
marizing pharmacological studies of anticancer 
drugs) . 

The increase in such experimental drug thera- 
15 pies is largely the result of concomitant advances 
in immunology and recombinant DNA technology. In 
particular, progress in immunology was spurred by 
the seminal work of Kohler and Milstein, Nature 
256:495 (1975). They demonstrated that a process of 
20 somatic cell fusing between a lymphocyte and a 
myeloma cell, could yield immortal "hybridomas" 
which grow in culture and produce a specific anti- 
body. Such antibodies are termed "monoclonal" 
herein and in the art. 
25 Since that time, a new generation of antibodies 

_ has_bee n develo ped j/rajiovel properties, useful for 

immunotherapeutic and immunodiagnostic applications. 
For example chimeric antibodies consisting of 
variable and heavy immunoglobulin regions from dif- 
30 ferent species have been synthesized. In addition 
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it has been shown that light immunoglobulin chains 
from different myeloma sources can form specific 
heterologous associations. Peabody, D. S. et al. 
Biochem 19:2827 (1980). In vitro construction of 
05 antibody fragments with binding affinity for two 

different ligands has also been accomplished. Raso, 
V,, Cancer Res . 41:2073 (1981). 

Further modifications of the basic Kohler- 
Milstein method have produced individual bifunc- 
10 tional antibodies which are capable of binding two 
different antigens. The fusion of two hybridoma 
cell lines, each parent producing a monoclonal Ab 
specific for one of two antigens, yields a 
"quadroma" . Fusion of a hybridoma and a lymphocyte 
15 yields a "trioma". Such combinations are called, 

"polydomas" ^herein and in the art. See, for example 
U.S. Patent No. 4,474,893 (1984); PCT Patent No. WO 
83/03679 (1983) which are incorporated by reference. 
The uses of monoclonal antibodies, chimerics, and 
20 the multifunctional antibodies of polydomas are 
manifold. 

These antibodies have found utility in tumor 
therapy (Raso and Giffin, Cancer Res. 41:2073, 
1981) , immunodiagnostics (Litman et al. Anal . 
25 Biochem 106:223, 1980), and immunohistology (Suresh, 
K. R. et al., PNAS 83:7989-7993 (1986). In most 

uses~r ecoffibdaaanfc-isono^ 

lently attached to a dye, drug or tracer compound. 
Polydomas are particularly useful in this regard. 
30 For example, a polydoma can be produced containing 
one binding site specific for the Ricinus communis 
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toxin, and the other site specific for tumor cells. 
A polydoma can be synthesized containing a tissue- 
specific antigen in combination with a monoclonal 
antibody to a fluorescent probe- 

05 There are, however, drawbacks to the use of 

both monoclonal antibodies and bioactive compounds 
in immunotherapy and immunodiagnostics . Use of 
various lymphokines and monoclonal antibodies to 
which is bound a plant or bacterial toxin, radio- 

10 label, or a dye cytotoxin, have risks associated 

with injection into a patient- There may be genera- 
tion of antibody against an injected immunogenic 
agent, resulting in an anti-idiotypic response in 
humans and a loss of immunogenic activity. See 

15 Talle, M. A. et al. (EPO No. 863,087,854). Further- 
more, use of recombinant drug products is limited by 
the expense of treatment with large doses of exo- 
genously produced materials (i.e., $19,000 for 
interleukin-2 treatment for one cancer patient) • 

20 Moreover the process of drug development itself 
generally takes from 2 to 10 years and may involve 
the expenditure of tens of millions of dollars to 
bring a drug from concept to commercial market. 
It would be useful to devise a therapeutic 

25 modality that overcomes the limitations described 
herein. Since nearly all diseases or pathological 
conditions arise because of inadequate or 
inappropriate bodily responses to the disease or 
pathological agent, a procedure utilizing and 

30 augmenting the hos^s own endogenously produced 

bioactive compounds should increase the efficacy of 



WO 89/06544 



PCT/US89/00123 



-4- 

therapy and make such therapy safer and far less 
expensive. 

The present invention discloses a novel ap- 
proach to the use of polydomas and bioactive com- 

05 pounds in therapy and diagnostics. By using poly- 
domas in which one antigen binding site is reactive 
with a target and the other site capable of initiat- 
ing, directing, or promoting use of at least one 
endogenous bioactive material, this invention 

10 discloses a method of augmenting or focussing the 

organism's normal response to the target by altering 
the local concentration (s) of the host's existing 
biomolecules . As will be described below, there are 
many diseases and pathological situations in which 

15 these multifunctional antibodies, free of toxins, 
dye, or radiolabels, may find clinical utility. 

Summary of the Invention 

The present invention provides a therapeutic 
procedure employing a multifunctional antibody 
specifically reactive with a ligand and at least one 
endogenous biological response modifier. The 
antibody serves to concentrate endogenous biological 
modifiers at or near the target ligand to produce a 
therapeutic effect. The invention provides a 
therapeutic method which comprises administering a 

pharmaceuticsi-ly effective^ a3nount_of a multifunc- 

tional antibody specifically reactive with both a 
target ligand and an endogenous biological response 
modifier. 



20 



25 
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Brief Description of the Drawings 

Figure 1 schematically illustrates four 
mechanisms by which, tumor cells can be killed by 
targeted heteroligating monoclonal antibodies. 
05 Figure 2 shows results of the chromatographic 

isolation of 17-1A x B140 quadroma. 

Figure 2A illustrates isolation using protein-A 
sepharose chromatography. 

Figure 2B illustrates isolation using hydro- 
10 phobic interaction chromatography (HIC) . 

Figure 3 shows an SDSrpolyacrylamide gel of the 
8B4 quadroma illustrating that 8B4 contains a 1:1 
ratio of 17-1A and B140 heavy Ig chains. 

Figure 4 shows an isoelectric focusing gel of 
15 8B4 illustrating that the isoelectric point of 8B4 
is the average of its parental antibodies. 

Detailed Description 

The invention provides a therapeutic method for 
concentrating naturally occurring bioactive com- 

20 pounds at or near a specific site or sites within a 
patient. As used herein, the expressions "bio- 
active" compound, "biological response modifier" or 
"endogenous biological modifier" (EBM) , are used 
interchangeably and refer to agents produced by the 

25 patient that alter biological responses for the 
benefit-of— tha-pat-ient, — A-partial Jlist^f_endp-_ 



genous biological modifiers suitable for use in this 
invention includes the lymphokines, such as B-cell 
factor, interferons and interleukins ; enzymes such 
30 as tissue plasminogen activator, hormones, 
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immunoglobins , proteins , cof actors , metabolites , 
antigenic determinants, salts and ions. In 
preferred- embodiments of this invention, the 
endogenous biological response modifier is a 
05 lymphokine or enzyme such as inteferon-gamma or 



tissue plasminogen activator (TPA) , respectively. 

The invention emcompasses a method of increas- 
ing concentration of these bioactive materials at a 
specific target site or ligand. This "target site" 

10 will be located within the body and is an antigen or 
one or more epitopes on the antigen. The term 
"antigen" is well known in the art and refers to a 
biological structure or "epitope", usually a protein 
or carbohydrate, which stimulates within the body 

15 the production of an antibody reactive with the 

antigen. A partial list of pre-selected target I 
sites suitable in this invention includes normal 1 
cells such as T-cells, B-cells, endocrine, nerve \ 
cells; cancer cells, benign disease cells, vasculaxi 

20 occlusions including fibrin and platelets; disease 1 
processes such as plagues, amyloid, and arthritic I 
joints; parasites, hormones, bacteria, viruses, \ 
immunoglobulins, toxins and/ or metabolites. Prefer-l 
ably, the pre-selected target site or ligand is a I 

25 cancer cell or a vascular occlusion. 

The therapeutic method of this invention 
involves the administration of multifunctional or 



"heteroligating" antibodies. As used herein, the - 
term "heteroligating antibody" refers to a mono- 
30 clonal antibody which contains at least two dif- 
ferent antigen binding sites on the same molecule. 
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The heteroligating monoclonal antibodies (hereafter 
HLMAb) of the present invention are useful for 
binding to, and concentrating these above-mentioned 
endogenous bioactive molecules at the situs of 

05 target sites or ligands. The method of the present 
invention comprises administering a pharmaceutically 
effective amount of a HLMAb specifically binding to 
both a pre-selected target site and a bioactive 
material- It is thought that the HLMAb brings the 

10 target ligand in close proximity to bioactive 

components of the host's metabolic and homeostatic i 
system in such a way that the host's endogenous 
bioactive compounds will respond to, or induce a 
clinically desirable response to, the target. 

15 in other words, the present invention is a 

method of augmenting and/or focussing the patients 
normal response to the target ligand/ antigen by 
altering the local concentration (s) of the host's 
endogenous biological response modifiers. It is 

20 unimportant whether the HIilAb will bind to the 

bioactive molecules first and subsequently to target 
ligands, or vice versa . The mode of action of the 
invention is defined operationally as either concen- 
trating the endogenous bioactive materials at the 

25 target site and/or coating the surface of a target 
site with HLMAb in order to present an array of 
jreceptors for circulating bioactive agents. The 
invention accomplishes" this by" virtue 6f the ability 
of the HLMAb to bind to two or more agents simulta- 

30 neously, thus bringing two or more different cell 
types or two or more different bioactive materials 
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into close proximity. Appropriate dosages of 
heteroligating antibodies described herein will vary 
according to the therapeutic effect desired • 

Methods of producing HLMAb 1 s are known in the 

05 art. In general, the HIMAb of the present invention 
would be formed by joining two (or more) monoclonal 
antibodies , at least one of which specifically binds 
to a naturally occuring bioactive molecule and/ or to 
a surface antigen on an endogenous target cell that 

10 influences, the biologic response of the host to a 
target ligand. The other part of the HLMAb may 
consist of a MAb which binds pre-selected target 
antigen, for example, to a tumor-associated antigen 
(TAA) , a foreign antigen, or a normal cellular 

15 antigen or cell product (see attached Table I for 
list of possible targets and endogenous biological 
modifiers) . 

The joining of MAbs to form the HLMAb may be 
achieved by: 1) fusion of two (or more) parental MAb 

20 producing cells (hybridomas) into a single cell 
which will produce the HLMAb as a natural cell 
product; or 2) by fusion of a MAb producing 
hybridoma with a lymphocyte producing an antibody 
having specific binding affinity to another desired 

25 antigen. The hybrid hybridoma may be called a 

w quadroma tt or a "polyd©!^ 11 if the hybrid arises from 
the_fusion_ of two hybridomas, or two or more 
hybridomas, respectively. The fusion product of a 
hybridoma and antibody producing lymphocyte is 

30 called a "trioma"- One method for making triomas is 
disclosed in U.S. Patent 4,474,893, the relevant 
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disclosure of which is incorporated herein by 
reference. See also Lanzavecchia, A. and D. 
Scheidegger, Eur, J. Immunol . 

There are also a variety' of methods to prepare 

05 heteroligating- polyclonal antibodies or HLMAbs by 
chemical recombinations after isolation and purifi- 
cation of antibody or antibody fragments. Parham, 
P. r Human Immunol. , 12:213-222 (1985). 

There are many diseases and pathological 

10 situations in which the embodiments of this inven- 
tion may find clincal utility- Some of these 
include: neoplasia (cancer); cardiovascular disease; 
autoimmune disease; viral, bacterial, and parasitic 
infections; neurologic disorders, endocrine and 

15 metabolic disorders; diseases of the blood and 
blood-forming organs; disease of the respiratory 
system; disease of the skin and subcutaneous tissue; 
disease of the musculoskeletal and connective 
tissue; congenital abnormalties ; injury and poison- 

20 ing^£^> — ' . 

\In one embodiment df this invention, hetero- 
ligatxng*^tibodies^are^coadministered with 
exogenous naturally occurring bioactive agents such 
as IL-2 or inter feron-gamma. In this situation, 

25 these are coadministered as an antigen-antibody 

complex in which the bioactive compound is already 
bound to the heteroligating antibody, the antibody 
serving to protect the bound moXecule~f rbm~i^vivo— 
degradation until it reaches its target. The 

30 heteroligating antibody can also be introduced over 
a considerable period of time to bind the greatest 
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amount of antibody to the tumor. The target cells 
then, in effect, carry receptors for the biological 
response modifiers and can be selectively vulnerable 
to a brief period of treatment with low levels of , 
05 the same exogenous ly administered materials. This 
invention can also be used to more effectively 
eliminate, select, or remove tumor cells in vitro . 
An example of this is in the removal of cancerous 
cells from autologous bone marrow cells in vitro 
10 prior to returning them into irradiation- treated 
cancer patients. 

In a preferred embodiment of the present \ 
invention, a heteroligating antibody with bi- \ 
specificity to both a target antigen and endogenous^ 
15 human interferon-gamma (IFN-gamma) can be injected \ 
into a patient with a tumor, and this can localize * 
at the tumor site by binding to the tumor surface 
antigen or epitope. The anti-IFN-gamma portion of 
the quadroma then binds to and concentrates . 
20 endogenous IFN-gamma on the tumor cells. The 

IFN-gamma then mediates killing of the tumor cell by 
at least three separate independent mechanisms; 1) 
direct cytotoxicity of IFN-gamma; 2) antibody- 
independent, monocyte-mediated cytotoxicity follow- 
25 ing activation by IFN-gamma; and 3) monocyte- 

independent, lymphoid-dependent cytotoxicity follow- 
ing IFN-gamma induction of monokines IL-1 and IL-2 
to activate ' IAK~and^T^cells^ Depending on the 
nature of the quadroma, a fourth mechanism, ADCC 
30 (Antibody Dependent Cellular Cytotoxicity) mediated 
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by monocytes following antibody binding to Fc 
receptor on the monocyte, can be involved. 

The invention, its operation and its effects in 
concentrating endogenous IFN-gamma are illustrated 

05 in Figure 1. In the first mechanism, IFN-gamma 

released from the heteroligating MAb, or MAb-bound 
IFN-gamma pinocytosed by the tumor cell is directly 
cytotoxic to the cell. In the second mechanism, 
released or bound IFN-gamma activates nearby mono- 

10 cytes and these then non-specif ically lyse tumor 

cells upon contact. In the third mechanism, mono- 
cytes are activated as before, but the lymphokines 
secreted by the activated monocytes (macrophages) I 
amplify the lytic response through activation of J 

15 adjacent lymphocytes. A fourth mechanism can be J 
invoked if the heteroligating MAb binds specificallf 
to the monocyte's Fc receptor and the bound mono- 
cytes are capable of a cytolytic ADCC response. 

The present invention is not limited to full 

20 chain HLMAb's but includes those made from (Fab') 2 
or (FAb) 2 fragments. Moreover, this invention is 
not limited to targeting malignant tumor cells, but 
may also be used to target any cell population, 
pathological organisms, or pathological molecule 

25 either in vivo or in vitro (See Table I) . 
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TABLE I 

A Partial List of Endogenous Biological 
Modifiers (EBMs) and Targets for 
Heteroligating Monoclonal Antibodies 



EBMs 

A. Lymphokines 

0 B-cell factors 
0 Interferons 
o IL-2 

B- Monokines 
0 TNF 
0 IL-l 

C. T-Cell Populations 

„ Cytotoxic Cells 
0 Activated T-Cells 

D . Macrophages 

E. NK Cells 

F. Enzymes 
G • Hormones 

I. "Contact" Proteins 

J* Co factors, 
metabolites 

K« "Antigens" 

L. Salts, Ions 



Targets 
A* Cancer Cells 

B. Normal Cells 

q T-Cells 
. B-Cells 

0 Endocrine,. Nerve 

C. Benign Disease Cells 

D. Vascular Occlusions 

0 Fibrin 
0 Platelets 

E. Disease Processes 

„ amyloid 
0 plagues 

0 arthritic joints 

F. Parasites 
Bacteria 

H. Viruses 

X. Natural Toxins 

J . Immunoglobulins 

K. Hormones 

L. Metabolites 
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An example for this application is in the delivery 
of macrophages to gram-negative bacteria with a 
polydoma composed of ant i-lipopoly saccharide and 
anti-macrophage. " 'Another possibility is treatment 

05 of rheumatoid arthritis with a polydoma both to a 
rheumatoid factor and interf eron-gamma . A further 
example is an HLMAb reagent for use as a thrombo- 
lytic and fibrinolytic agent comprising an anti- 
platelet and an anti-TPA HIMAb. 

10 The present invention increases the efficacy of 

therapy and makes it more economical. This is 
especially true in embodiments of this invention 
that use exogenous bioactive agents. In situations 
where the bioactive agent is bound tp the HUKAb 

15 prior to administration, less must be injected since 
they are already targeted to the site. 

The invention will now be illustrated by the 
following examples. 

Example I: Preparation and Purification 

2 Q of Heteroligating. Antibody 

Monoclonal antibodies (MAb) produced by stan- 
dard Kohler-Milstein immunization and hybridoma 
method were identified. Tumor selective MAbs were 
developed for colorectal, breast, and ovarian 

25 carcinomas. Antibodies to interf eron-gamma, inter- 
leukin-2, tumor necrosis factor (TNF) , and T-cells 

were al^o^developedT — AxiL™antibodies-were~Gf-iuuri-ne- 

origin and were of the immunoglobulin IgG class. 
Several of these hybridomas were made drug 

30 resistant or drug selectable by DNA transfection 



WO 89/06544 



PCT/US89/00123 



with bacterial plasmid vectors using protoplast 
fusion techniques. See Knight f D.E. and M.C 
Scrutton; Biochem. J. 234 : 497 , 1986; and Potter, H. 
et aL Proc. Natl. Acad. Sci. USA 81 :7161, 1984. 

05 Bacterial DNA plasmid vectors pSV2-neo (ATCC #37149) 
and pSV2-gpt (ATCC #37199) were used to introduce 
the aminoglycoside 3- phosphotransferase (aph) and 
xanthine-guanine phosphor ibosyl transferase (gpt) 
genes, respectively. The hybridomas secreting MAbs 

10 against tumor antigens were transfected with DNA to 
produce G418 resistance (aph-^) and the hybridomas 
secreting MAbs to the biological response modifiers 
were transfected to render them resistant to 
mycophenolic acid (gpt+) . Transf ectants were 

15 cultured in increasing doses of the respective drug 
until they continued to grow at dose levels of drug 
that were at least 2-3X the dose that was absolutely 
lethal to all nontransfected cells (aph—, gpt"-) • 
Positive selection for successful hybridoma fusions 

20 is obtained by culturing fused hybridomas in the 

presence of both drugs. A true fusion of hybridomas 
will be doubly drug selectable (aph+, gpt+) . 

Several cell-cell fusions have been done with 
one of the hybridomas secreting MAb (17-1A, IgG2a) 

25 against a colorectal cancer antigen and one of the 
hybridomas secreting MAb against human interferon- 
gamma (B140 ; IgGl ) . Fusions were cultured and 
cloned in the presence of both G418 and mycophenolic 
acid as described above. Viable fusion-produced 

30 cell lines that grew on the double selection media 
were then tested for heterobifunctional activity. 
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This assay used an immunoaf f inity purified 17-1A 
tumor antigen on a solid phase and radiolabelled 
IFN-gamma as tracer. Binding of the radiolabelled 
interferon tracer indicated the presence of hetero- 

05 functional activity i.e. an antibody with binding 
sites to both 17-1A antigen and IFN-gamma. 

Two heteroligating clones , 8B4 and 1B10 were 
selected for further recloning. Ascites and 
hybridoma supernatant were made for both 8B4 and 

10 1B10. These two cells lines were recloned 6 times 
before a stable clone was eventually found. These 
were then expanded for use in the production of 
antibody from supernatants and ascites. Purifica- 
tion protocols for heterobifunctional antibodies 

15 were developed using conventional chromatographic 
techniques for isolating and separating immuno- 
globulins including protein-A affinity, ion- 
exchange, and hydrophobic interaction chroma- 
tography. 

20 Immunoglobulins, secreted by clone 8B4 have been 

characterized. Clone 8B4 secretes both 17-1A and 
B140 parental MAbs as well as the heterobifunctional 
antibody. The immunoglobulins have been isolated 
and purified by protein-A chromatography, followed 

25 by separation by hydrophobic interaction chroma- 
tography (HIC) (Figure 2A and 2B, respectively) . 
Results indicate that 80% of the antibody produced 
by^l one ~8 B4 'was Tiet eroligat ing^ As c ites yielded" as 
much as 1 mg/ml of the heterobifunctional 17 -1A X 

30 B140. The behavior of the 8B4 quadroma on SDS : PAGE 
gels (Figure 3), and isoelectric focussing (IEF) 
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gels (Figure 4) gave further evidence that 8B4 is a 
1:1 classical combination of the two parental anti- 
bodies, SDS: PAGE gel assays (Figure 3) demonstrate 
that 8B4 contains a 1:1 ratio of both 17-1A and B140 

05 heavy immunoglobulin chains; the XEF shows that the 
isoelectric point of. the 8B4 is, as expected, 
exactly the average of the two parental antibodies 
(Figure 4) . We have also done experiments to 
determine the relative affinity of the heterobifunc- 

10 tional for 17-1A antigen and IFN-gamma. The avidity 
of the IFN-gamma moiety of the 8B4 heteroantibody is 
largely unchanged, but the polydoma's capacity to 
bind to tumor 17-1A antigen is reduced by a factor 
of 3-4 fold. This may be due to the fact that 

15 binding of 8B4 to antigen is monovalent, that of 

17-1A bivalent. There is probably no difference in 
intrinsic affinity between these, but the multi- 
valent -binding of the 17-1A antibody translates into 
greater enthalpic contribution to the free energy of 

20 association and hence greater binding at equivalent 
antibody concentrations. 

Example 2 Tarqetting of IFW-Gamma to Tumor Cells 
Via 8B4 Heteroantibody 
This Example illustrates the in vitro targeting 
25 of IFN-gamma to human colon carcinoma cells and 

suggests that one mechanism whereby tumor cells are 
^lled is by 

cytotoxicity (Mechanism 4; Figure 1). 

Human colon HT29 (ATCC No. HTB38) at a concen- 
♦ 4 

30 tration of 10 cells/well were cultured and labeled 
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with 125 I-uracil deoxyribose (UdR) in the presence 
of fluorouracil deoxyribose (FUdR) for about 24 
hours. Cells were washed, then co-cultured in the 
presence or absence of human peripheral monocytes 

05 for about 72 hours. Monocyte concentrations were 8 
or. 15xl0 4 cells/well. Carcinoma and monocytes were 
cultured in the presence of recombinant IFN-gamma 
(rlFN-gamma) and either HLMAb 8B4 Or an equimolar 
mixture of 17-1A plus B140 parental antibodies. All 

10 antibodies contained negligible amounts of endo- 
toxin, a potent activator of macrophage ( 1 Endo- 
toxin unit of bacterial lipopolysaccharide/mg 
antibody) . 

Tumor cells were allowed to lyse and the 
15 radioactivity (as 125 I-UdR) liberated from 100 ul of 
supernatant was counted. The percent cytotoxicity 
was calculated as the fraction of the total number 
of counts released from "cells into the supernatant x 
100 (Table 2) . 
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TABLE 2 



Effect of HT*r&fr 8B4 and B140+17-1A Mixture 
on IFN -GAMMA— Induced Monocyte Cytotoxicity 



rlFN-gamma HLMAb/MAb Cytoxicity (% I25 I-UaR Release) 
(U/ml) (ug/ml) 

Without Monocyte; Tumor Cell Ratio 
Monocytes 8:1 15:1 



0.5 



None 0,47 4.3 5.3 

8B4(10) -1.06 6. 01(39. 7)* 10.61(100) 

B140(5)+17-1A(5) -0.58 4.77(1.09) 8.66(63) 



None -1.23 5.42 7.07 

8B4(10) -0.53 6.60(21.7) 11.84(67.4) 

B140(5)+17-1A(5) -0.88 7.19(32.6) 8.31(17.6) 



None -0.77 8.60 13.08 

8B4(10) -1.41 6.07 (-29.4) 11. 84 (-9.5) 

B140(5)+17-1A(5) -0.17 7.19(-16.3) 8.84(-32.4) 



a Numbers in parenthesis refer to percentage change in 
cytotoxicity compared to antibody-free control 
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Addition. of HLMAb 8B4 to tumor cells in the 
presence of IFN-gamma and monocytes showed a small, 
but consistent cytotoxic effect over controls with 
either no antibody or with a mixture of the parental 

05 MAbs. This is particularly true at higher 

effector: target ratios. This was the case in the 
presence of low levels of IFN-gamma (0 and 0.5 
Units/ml) . Actually IFN-gamma levels may have been 
higher since monocytes themselves secrete IFN-gamma. 

10 Moreover, present results may actually underestimate 
the ability of HLMAb 8B4 to potentiate local 
tumor icidal effects by targeting IFN-gamma since MAb 
17-1A by itself is more effective in binding macro- 
phage Fc receptors than is HLMAb 8B4 . 

15 The present invention discloses the generation 

of a 17-1A x B140 (anti-tumor x anti-interf eron 
gamma) guadroma which is useful in therapeutic 
procedures since it can be used to concentrate 
endogenous interf eron-gamma at a specific location 

20 within the body, i.e., a colorectal tumor. More 
generally, multifunctional antibodies of the type 
described herein, can be valuable as therapeutic 
reagents in cancer, cardiovascular disease, in- 
fectious disease, inflammatory disease, autoimmune 

25 disease and others without the need for expensive, 
time-consuming and possibly toxic, courses of 
treatment with therapeutic compounds derived from 
recombinant DNA technology. — 
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Equivalents 

Those skilled in the art will recognize, or be 
able to ascertain, using no more than routine 
experimentation, many equivalents to the specific 
05 embodiment of" the invention described herein. Such 
equivalents are intended to be encompassed by the 
following claims* 
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CLAIMS 

A therapeutic method for concentrating natur- 
ally occurring bioactive compounds at specific 
sites within a patient, comprising administer- 
ing a heteroligating antibody reactive with at 
least one such bioactive compound and reactive 
with at least one pre-selected target ligand. 

A method for concentrating endogenous bio- 
logical response modifiers at the site of a 
target ligand within the body, comprising 
administering an amount of antibody sufficient 
to bind with at least one biological response 
modifier and bind with at least said target 
ligand. 

A method for concentrating exogenous biological 
response modifiers at the site of a target 
ligand within the body, comprising administer- 
ing a multifunctional antibody capable of 
binding at least one biological response 
modifier and the target ligand in conjunction 
with an effective amount of biological response 
modifier. 

_ A -method _of Claim 2, wherein the^iological 
response modifier is selected from the group 
consisting of lymphokines, monokines, T-cell 
populations, macrophages, NK cells, enzymes, 
hormones , immunoglobulins , cof actors , 
metabolites, salts, ions and antigenic 
determinants . 
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A method of Claim 4, wherein the lymphokines 
are selected from the group consisting of 
B-cell factors, interferons, and interleukin-2; 
the monokines are selected from the group 
consisting of TNF and interleukin-one; and the 
T-cell populations are selected from the group 
consisting of cytotoxic cells and activated 
T-cells. 

A method of Claim 2, wherein the target ligand 
is selected from the group consisting of cancer 
cells, normal cells, benign disease cells, 
vascular occlusions, disease processes, para- 
sites, bacteria, viruses, natural toxins, 
immunoglobulins , hormones and metabolites . 

A method of Claim 6, wherein the normal cells 
are selected from the group consisting of 
T-cells, B-cells, endocrine and nerve cells; 
the vascular occlusions are selected from the 
group consisting of fibrin and platelets; and 
the disease processes are selected from the 
group consisting of amyloid, plaques and 
arthritic joints . 

In a method for delivering bioactive compounds 
to a patient, the improvement consisting of 
Administering an amount of heteroligating 
antibody sufficient to specifically react with 
said bioactive compound and specifically react 
with a target ligand within the body. 
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9. A heteroligating monoclonal antibody specifi- 
cally reactive with at least one endogenous 
biological response modifier and at least one 
preselected target ligand. 

05 10. A heteroligating monoclonal antibody of Claim 

9, wherein the biological response modifier is 
selected from the group consisting of lympho- 
kines, monokines, T-cell populations , macro- 
phages, NK cells, enzymes, hormones, immuno- 

10 globins, cof actors, metabolites, salts , ions 

and antigenic determinants* 

11. A heteroligating monoclonal antibody of Claim 

10, wherein the lymphokines are selected from 
the group consisting of B-cell factors, inter- 

15 ferons, and interleukin-2; the monokines are 

selected from the group consisting of TNF and 
interleukin-one; and the T-cell populations are 
selected from the group consisting of cytotoxic 
cells and activated T-cells . 

20 12. A heteroligating monoclonal antibody of Claim 
9, wherein the target ligand is selected from 
the group consisting of cancer cells, normal 
cells, benign disease cells, vascular occlu- 
sions, disease processes, parasites, bacteria, 

25 viruses, natural toxins, immunoglobins , 

hormones and metabolites. 
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A heteroligating monoclonal antibody of Claim 
11, wherein the normal cells are selected from 
the group consisting of T-cells, B-cells, 
endocrine . and nerve cells; the vascular occlu- 
sions are selected from the group consisting of 
fibrin and platelets; and the disease processes 
are selected from the group consisting of 
amyloid/ plaques and arthritic joints. 

A bi functional antibody or heteroantibody 
comprising: 

a. at least one antigen binding region wfrich 
binds specifically to a biological 
response modifier selected from the group 
consisting of lymphokines, monokines, 
T-cell populations, macrophages, NK cells, 
enzymes, hormones, immunoglobulins, co- 
factors, metabolites, salts, ions and 
antigenic determinants; and 

b. at least one antigen binding region 
specific for a target ligand selected from 
the group consisting of cancer cells, 
normal cells, benign disease cells, 
vascular occlusions, disease processes, 
parasites, bacteria, viruses, natural 
toxins, immunoglobulins , hormones and 
metabolites . 
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15. A heteroantibody , comprising: 

a. . an antibody or antibody binding fragment 

specific for interf eron-gamma; 

b. an. antibody or antibody-binding fragment 
05 specific for tumor cells. 

16. A heteroantibody, comprising: 

a. an antibody or antibody binding fragment 
specific for macrophage; 

b. an antibody or antibody-binding fragment - 
10 specific for lipopolysaccharide. 

17.. A heteroantibody, comprising: 

a. an antibody or antibody binding fragment 
specific for tissue plasminogen activator; 

b. an antibody or antibody-binding fragment 
15 specific for platelets. 



WO 89/06544 PCT/US89/00123 



MECHANISM I: DIRECT KILLING 




1. lFN_ r TARGETED TO TUMOR CELL 

2. IFN_y TAKEN UP BY TUMOR CELL 

3. TUMOR CELL KILLED 



MECHANISM 2: ACTIVATED MONOCYTE KILLING 



z I. IFN-y TARGETED 

IFN.y-v ^ IFN_y TO ADJACENT MONOCYTE 

3. MONOCYTE ACTIVATED 

4. MONOCYTES LYSES TUMOR CELL 

5. TUMOR CELL KILLED 



MECHANISM 3: LYMPHOKINE- ACTIVATED MONOCYTE KILLING 




I. IFN_y TARGETED 



v IFN-y-v 2 2. IFN_y TO ADJACENT MONOCYTE 

± @ — 

5 - LYMPHOUYTtb LTSt 
o S ^l/ vf/ 7 TUM0R CELL BILLED 



3. MONOCYTE ACTIVATED 

4. MONOCYTE SECRETES LYMPHOKINES 

5. MANY LYMPHOCYTES ACTIVATED 

6. LYMPHOCYTES LYSE TUMOR CELL 



MECHANISM 4: ANTIBODY DEPENDENT CELLULAR CYTOTOXICITY 



^ IFN_y ( HMLAb TARGETED 

— 0^ o ^ 2. MONOCYTE BINDS TO HMLAb Fc 

<&0 



3. MONOCYTE LYCES TUMOR CELL 

4. TUMOR CELL KILLED 



FIG. I 

SUBSTITUTE SHEET 
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FIG. 2A 




SUBSTITUTE SHEET 
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SfcuSTiTUTE SHEET 
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